Introduction

1
Iron is an important redox-active element in geothermal water and its chemistry and speciation 2 are of both scientific and environmental interest due to its role in mineral dissolution and Redox equilibrium is often attained at temperatures >200°C in the laboratory, yet the equilibrium 9 state at depth in a natural system is rarely known. Previous studies suggest that partial to be further demonstrated through the compositional variation encountered in geothermal waters. in south and southwest Iceland (Fig 1) . Ármannsson, 2016) (Fig 1) . Ölkelduháls geothermal area belongs to the Hengill volcanic system, 20 which is situated at the triple junction of the North American plate, the Eurasian plate, and the
21
Hreppar microplate (Fig.1) . The rocks are made of basaltic hyaloclastite formations and lava The geothermal area at Geysir is a world-famous locality in the Southern Lowlands of
10
Iceland, owing to its frequent geyser activity. The area is located marginal to the active volcanic 11 belt ( Fig. 1) , and underlying basaltic rocks and rhyolite dome are younger than 800.000 years ( Fig. 1 ) and in addition, several hot-water wells have been drilled in the area ( Fig. 1., Fig. 2C ).
17
Water pH lies between ~2 and ~9, and the water types include steam-heated acid water, NaCl-
18
type water, and mixtures with non-thermal surface and groundwater (Arnórsson, 1969; 1985) . and Fe(III) determinations were collected into gas-tight glass bottles that were completely filled,
11
immediately acidified (Merck Suprapur ® HCl, 30%, 0.5 mL in 100 mL sample) and sealed, and Merck, to 100 mL of sample) using inductively coupled plasma optical emission spectrometry
23
(ICP-OES, Spectro Ciros Vision). Prior to ICP-OES analyses, the samples were typically diluted
2-10 times with dilute HNO 3 (1mL of 65% HNO 3 Suprapur®, Merck, to 100 mL of MQ-water). SpectrumLab®, 10 kDa and 1 kDa pore sizes) or pre-assembled floating dialysis devices (Float-9 a-Lyzer, SpectrumLab®, 8-10 kDa pore size) were deployed in-situ in selected springs and pools.
10
The dialysis samplers had previously been filled, washed and equilibrated with deionized water 11 changed several times, and were then deployed in-situ in the natural water for 1-2 days. Upon 12 recovery, the liquid contained in the bags was sampled and acidified (0.5 mL conc. HCl in 100 13 mL sample, TraceSelect Ultra, Fluka), with subsequent determination of Fe(II) and Fe(III)
14
concentrations as described in section 3.2.
15
The quality control and assurance included regular calibration, repeated analysis of blank are considered, with the average charge balance error being +1.5% (ranging from -9.2 to 8.9%).
22
Fe(II) and Fe(III) analysis
The determination of Fe(II) and Fe(III) concentrations was carried out on-site in a field 1 laboratory within 1-4 hours of sampling using a Dionex ICS3000 ion chromatography (IC) 2 system connected to a post-column reaction coil and a UV/Vis absorbance detector (AD25,
Dionex, Thermo Scientific). The determination of Fe(II) and Fe(III) in geothermal water using 4 the field-deployed an IC-Vis method, which is described and discussed in detail by Kaasalainen determinations. Additionally, Fe total was determined using the ICP-OES along with major and 23 minor cations as described in section 3.1, using samples that had been filtered through 0.2 µm
filters and acidified (1 mL of 65% HNO 3 Suprapur® Merck, to 100 mL of sample) and in most 1 cases diluted 2-10 time prior to analysis. sampled is given in Table 1 . Based on the major element composition, pH, and temperature, the 22 geothermal surface water samples are divided into boiled alkaline water, steam-heated acid water,
steam-heated neutral water, and mixed geothermal water ( (Fig. 4) concentrations show an increasing trend with decreasing temperature. (Table 1) .
13
However, in many cases, the comparison is difficult due to low concentrations. These differences The major processes that are considered to influence the concentrations and speciation of Fe in 7 geothermal water include water-rock interaction, boiling and mixing, and redox reactions (e.g. 
12
In the basaltic environment in Iceland, boron is considered to be mobile upon water-rock environment in Iceland including ferrihydrite, goethite, schwertmannite, mackinawite, and pyrite.
10
The saturation state with respect to Fe(II) containing minerals cannot be evaluated for boiled 11 alkaline water and mixed geothermal water as Fe(II) concentrations are below the detection limit.
12
For steam-heated neutral water, the Fe(II) concentrations agree well with the solubility of calculated this way is shown in Figure 7 for the various types of geothermal waters sampled in 8 this study. From Figure 7 it is evident that the distribution of aqueous Fe species is affected by 9 the water type, which in turn reflects the pH and redox conditions as well as major ion The pe values estimated for these three reactions are shown in Figure 8 Assuming an overall redox equilibrium based on the various pe-values estimated from the 6 reactions (1), (4), (5) and (6) (Fig. 8) , the speciation of Fe can be calculated from the Fe total 7 concentrations corresponding to the sum of the Fe(II) and Fe(III) concentrations determined in 8 this study. The results of these calculations are presented in Figure 9 , showing the observed and 9 predicted Fe(II) and Fe(III) concentrations. Even relatively small deviations mean large 10 differences in absolute concentrations (note the logarithmic scale). 
Summary and conclusions
13
The chemistry of Fe(II) and Fe(III) was studied in natural geothermal waters from warm and hot 14 springs and pools and sub-boiling wells from active high-temperature geothermal systems in SW In particular at pH ~6 and above, iron redox equilibrium may be approached with Fe(II) and size fractions collected using in-situ dialysis 
